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SUMMARY 

The o p p o r t u n i t y  t o  conduct m i c r o g r a v i t y  and r e l a t e d  research s t i l l  e x i s t s ,  
even w i t h  t h e  temporary de lay  i n  the U.S. Space S h u t t l e  program. Severa l  
ground-based f a c i l i t i e s  a r e  a v a i l a b l e  and use o f  these f a c i l i t i e s  i s  h i g h l y  
recommended f o r  t h e  p r e p a r a t i o n  o f  near and f a r  t e r m  S h u t t l e  o r  Space S t a t i o n  
exper iments.  Drop tubes, drop towers, a i r c r a f t ,  sounding rocke ts  and a wide 
v a r i e t y  o f  o t h e r  ground-based equipment can be used t o  s i m u l a t e  m i c r o g r a v i t y .  
Th i s  paper concentrates on t h e  m a t e r i a l s  p rocess ing  c a p a b i l i t i e s  a v a i l a b l e  a t  
NASA Lewls Research Center (NASA Lewis), M a r s h a l l  Space F l i g h t  Center (MSFC), 
and t h e  C a l i f o r n i a  I n s t i t u t e  o f  Technology J e t  P r o p u l s i o n  Laboratory  (JPL) .  
A l so  i n c l u d e d  i s  i n f o r m a t i o n  on ga in ing  access t o  these f a c i l i t i e s .  

g 

INTRODUCTION 

G r a v i t y  pervades a l l  aspects o f  m a t e r i a l s  p rocess ing  f rom t h e  l i q u i d  o r  
gaseous s t a t e .  G r a v i t y  d r i v e n  f l u i d  f l o w s  r e d i s t r i b u t e  dopant o r  a l l o y  add i -  
t i o n s  l i m i t i n g  c r y s t a l l i n e  p e r f e c t i o n  and d e v i c e  e f f i c i e n c y .  The earthbound 
n e c e s s i t y  o f  h o l d i n g  l i q u i d s  i n  a con ta ine r  i n t r o d u c e s  b o t h  b u l k  contaminants 
and c a t a l y s t s  f o r  premature nuc lea t i on .  S u b t l e  phenomena such as the rmocap i l -  
l a r y  f l o w  o r  c r i t i c a l  p o i n t  behavior may be l a r g e l y  masked by bouyancy d r i v e n  
f l o w s .  Other processes a r e  e s p e c i a l l y  d i f f i c u l t  i n  our  usual  1-g environment 
such as t h e  growth o f  l a r g e  diameter c r y s t a l s  by t h e  f l o a t  zone process o r  t h e  
p r o d u c t i o n  o f  s t a b l e  m e t a l l i c  foams f r o m  t h e  m e l t .  For these  reasons and many 
more, m a t e r i a l s  s c i e n t i s t s ,  f l u i d  p h y s i c i s t s ,  combustion s c i e n t i s t s ,  and b i o -  
t e c h n o l o g i s t s  v iew an o r b i t a l  S h u t t l e  o r  Space S t a t i o n  as an a p p r o p r i a t e  
l a b o r a t o r y .  

Given t h e  h i g h  c o s t  and l i m i t e d  a c c e s s i b i l i t y  o f  space i t  i s  ax iomat i c  
t h a t  ground-based research must proceed and accompany space process ing.  The 
e a r l y  use o f  ground-based research f a c i l i t i e s  can sharpen t h e  focus o f  m ic ro -  
g r a v i t y  research, enhancjng t h e  l i k e l i h o o d  o f  p r o f i t a b l e  work i n  space. I n  
some cases i t  i s  p o s s i b l e  t h a t  ground-based research  may even e l i m i n a t e  t h e  
need f o r  o n - o r b i t  t r i a l s .  I n  t h i s  paper ground-based f a c i l i t i e s  f o r  



m i c r o g r a v i t y  m a t e r i a l s  sc ience research a r e  descr ibed.  
i t i e s  i s  always recommended and r e c e n t  d i f f i c u t l y  w i t h  access t o  t h e  S h u t t l e  
suggests g r e a t e r  a t t e n t i o n  be g i v e n  t o  t h e i r  p o t e n t i a l .  

The use o f  these f a c i l -  

The f a c i l i t i e s  descr ibed f a l l  i n t o  one o f  t h r e e  ca tegor ies :  t hose  which 
p r o v i d e  an ac tua l  m i c r o g r a v i t y  environment f o r  a l i m i t e d  t i m e  such as rocke ts ,  
p lanes, o r  drop towers and drop tubes; those which emulate one o r  more aspects  
o f  t h e  m i c r o g r a v i t y  environment such as e lec t romagne t i c  O r  a c o u s t i c  l e v i t a -  
t o r s ;  and those which may be used t o  f u r t h e r  understand system behav io r  i n  o r  
o u t  of t h e  m i c r o g r a v i t y  environment such as model furnaces o r  computat ional  
f a c i l i t i e s .  

DROP TUBES AND TOWERS 

Drop tubes are an e x p e d i t i o u s  way t o  s tudy t h e  e f f e c t s  o f  s h o r t  t e r m  
m i c r o g r a v i t y  and/or c o n t a i n e r l e s s  p rocess ing  on m e l t i n g  and s o l i d i f i c a t l o n  o f  
m a t e r i a l s .  Small m a t e r i a l  samples can be me l ted  and then  a l l owed  t o  s o l i d i f y  
d u r i n g  f r e e  f a l l .  
f a r  have s tud ied  t h e  r e l a t i o n s h i p  between undercoo l i ng  and m a t e r i a l  m i c r o s t r u c -  
t u r e / p r o p e r t i e s .  
achieved, t h e  temperature of t h e  sample must be measured w h i l e  I t  i s  i n  f r e e  
f a l l .  O p t i c a l  pyrometry has been used because o f  i t s  n o n i n t r u s i v e  na tu re .  A 
drawback I s  t h a t  t h e  s e n s i t i v i t y  o f  most d e t e c t o r s  t o  thermal  r a d i a t i o n  below 
1000 K i s  poor and l i m i t s  exper iments t o  h i g h e r  m e l t i n g  p o i n t  m a t e r i a l s  
( r e f .  1). 

M o s t  m a t e r i a l s  sc ience drop tube  exper iments conducted thus  

To a c c u r a t e l y  determine t h e  d i r e c t  amount o f  undercoo l i ng  

Drop Tubes 

C u r r e n t l y  t he re  a r e  f i v e  drop tubes a v a i l a b l e  ( see  t a b l e  I f o r  user  con- 
t a c t s ) .  These range i n  l e n g t h  f r o m  5 t o  100 m. The d rop  tubes a r e  d iscussed 
below i n  o rde r  of descending magnitude o f  f r e e  f a l l  t ime.  

The 100 m drGp tube ( r e f .  4 )  l o c a t e d  a t  t h e  MSFC p rov ides  up t o  4.6 sec 
of low g r a v i t y .  A s t a i n l e s s  s t e e l  b e l l  j a r  mounted a t o p  t h e  tube  con ta ins  t h e  
m e l t i n g  apparatus used t o  process t h e  m a t e r i a l  samples. The t u b e / j a r  atmos- 
phere can c o n s i s t  o f  argon, he l ium,  h e l i u m  w i t h  6 p e r c e n t  hydrogen, n i t r o g e n  
o r  t h e  tube can be evacuated t o  a p ressu re  o f  1x10-7 kPa. These va r ious  
gases a r e  used t o  i n c r e a s e  convec t i on  c o o l i n g  r e q u i r e d  f o r  lower  m e l t i n g  p o i n t  
m a t e r i a l s  when r a d i a t i o n  i s  n o t  t h e  predominant fo rm o f  heat  l o s s .  

A c c e l e r a t i o n  o f  g i s  o b t a i n a b l e  d u r i n g  vacuum f r e e  f a l l .  Larger  
a c c e l e r a t i o n s  (10-3 9) a r e  observed i n  gaseous environments.  
ods a r e  a v a i l a b l e  t o  r e c e i v e  t h e  f a l l i n g  samples v i a  a detachable c a t c h i n g  
dev ice.  Dece le ra t i on  media i n c l u d e  d i f f u s i o n  pump o i l ,  a copper b l o c k  and 
v a r i o u s  f o i l s .  

Var ious meth- 

I n f r a r e d  de tec to rs  mounted a long  t h e  l e n g t h  of t h e  tube  a r e  used t o  d e t e r -  
mine t h e  onset  of n u c l e a t i o n  by sensing t h e  i n c r e a s e  i n  sample temperature as 
t h e  heat  o f  f u s i o n  i s  re leased ( r e f .  4 ) .  

Three types o f  m e l t i n g  apparatus a r e  p r e s e n t l y  o p e r a t i o n a l  f o r  use i n  
c o n j u n c t i o n  w i t h  t h e  drop tube.  An e l e c t r o n  beam bombardment fu rnace  operates 
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i n  t h e  range of 1600 t o  2500 O C  and i s  f o r  use under vacuum t y p e  c o n d i t i o n s .  
An e lec t romagne t i c  l e v i t a t i o n  furnace operates over t h e  range o f  500 t o  3000 O C  

and can operate i n  e i t h e r  a vacuum o r  gaseous environment.  
e l e c t r i c a l 1  y conduct1 ve t o  e l  ec t romagne t i ca l l  y 1 e v i  t a t e .  
c a p i l l a r y  tube employing a q u a r t z  c a p i l l a r y  c r u c i b l e  t o  c o n t a i n  t h e  sample 
d u r i n g  m e l t i n g  may be used f o r  nonconductive m a t e r i a l s .  

Samples must be 
A res1  s tance h e a t i  ng 

A 30 m drop tube i s  a l s o  located a t  MSFC. Capable o f  up t o  2.6 sec o f  
f r e e  f a l l  t ime  t h i s  tube  possesses c h a r a c t e r i s t i c s  s i m i l a r  t o  t h e  100 m d rop  
tube  p r e v i o u s l y  discussed. An a i r  t i g h t  b e l l  j a r  l o c a t e d  on t o p  o f  t h e  tube  
con ta ins  t h e  sample p rocess ing  apparatus which may e i t h e r  be an e l e c t r o n  bom- 
bardment furnace, a r e s i s t a n c e  heat ing c a p i l l a r y  tube o r  any furnace which can 
be adopted t o  t h e  b e l l  j a r  ( r e f s .  1 and 3 ) .  

J e t  P ropu ls ion  Laboratory  mainta ins a f o r c e d  f r e e  d rop  tube  t h a t  e l i m i -  

Whi le  i n  f r e e  f a l l  t h e  a i r  and sample move a t  t h e  

The f a c i l l t y  p rov ides  up t o  1.7 sec 
P r i n c i p l e  research a c t l v i t i e s  i n c l u d e  t h e  s tudy o f  f l u i d  

nates aerodynamic drag. By drawing a i r  down t h e  tube v i a  a s u c t i o n  f a n  a t  t h e  
base, an a c c e l e r a t i o n  i s  imposed on the a i r  column due t o  t h e  convergent n a t u r e  
of t h e  tubes c rossec t i on .  
same v e l o c i t y .  
a l t hough  convec t i ve  c o o l i n g  i s  reduced. 
o f  f r e e  f a l l  t ime.  
s u r f a c e  phenomena and t h e  f o r m a t i o n  and s p h e r o i d i z a t i o n  o f  m e t a l l i c  and g l a s s  
m ic roba l l oons  ( r e f .  2) .  

T h i s  he lps  e l i m i n a t e  aerodynamic drag and sample d i s t o r t i o n  

The cryogenic  drop tube loca ted  a t  JPL a l l o w s  up t o  1.7 sec o f  f r e e  f a l l  
t i m e  under vacuum. Three separate temperature zones a r e  c o n s e c u t i v e l y  l o c a t e d  
a long  t h e  tube  l e n g t h  f o r  c o n t r o l  o f  ambient gas temperature and d e n s i t y  as a 
means o f  improv ing s o l i d i f i c a t i o n .  A ba lance between convec t i on  and r a d i a t i o n  
c o o l i n g  i s  ob ta ined  by u s i n g  cryogenic temperatures i n  one s e c t i o n  o f  t h e  tube.  
I n t e r n a l  gas p ressu re  can be c o n t r o l l e d  between 10-5 and 200 kPa. 

Located a t  NASA Lewis i s  a 5 m drop tube  f a c i l i t y  capable o f  1 sec o f  
vacuum f r e e  f a l l  t ime .  
c a l l y  by fou r  h i g h  speed, two c o l o r  o p t i c a l  pyrometers.  An a d d i t i o n a l  pyrom- 
e t e r  mounted a t  t h e  bot tom o f  t h e  tube w i l l  be used t o  observe samples w h i l e  
they  f a l l  d u r i n g  t h e  e n t i r e  drop. 
o p t i c s  and h i g h e r  s e n s i t i v i t y  pyrometers. 

Temperatures f rom 700 t o  4000 "C a r e  measured o p t l -  

This i s  achieved by employing t r a c k i n g  

A 25 kW e lec t romagne t i c  l e v i t a t o r  (EML) i s  housed i n  a water cooled vac- 
The drop tube/EML may be oper- uum chamber a t tached  t o  t o p  o f  t h e  drop tube.  

a t e d  i n  a vacuum o r  an i n e r t  gas atmosphere. 
f a c i l i t y  i s  approx imate ly  75 cm i n  dlameter and 45 cm deep. D i f f e r e n t  t ypes  
o f  f u rnace  devices,  designed t o  f i t  i n  t h e  vacuum chamber, a r e  c u r r e n t l y  b e i n g  
developed f o r  work ing  w i t h  nonconductive samples. 
ar ranged on a computer ized t u r n t a b l e  assembly f o r  s e r i a l  p rocess ing  d u r i n g  a 
s i n g l e  pump down c y c l e .  

The chamber p o r t i o n  o f  t h i s  

Up t o  10 samples may be 

C u r r e n t l y  under c o n s t r u c t i o n  a t  JPL i s  a 14 m drop tube. Th is  s t a i n l e s s  
s t e e l  d rop  tube w i l l  be capable o f  ope ra t i on  a t  pressures I n  excess o f  10 atm 
or a vacuum o f  10-7 kPa. 
d rop  tube  sec t i ons  p r o v i d e  c o n t r o l  f r o m  room temperature t o  -180 OC. Each o f  
these f i v e  2.4 m s e c t i o n s  can be i n d i v i d u a l l y  t empera tu re -con t ro l l ed .  

E x t e r n a l  coolant  tubes a t tached  t o  t h e  f i v e  l ower  
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Drop Towers 

Drop towers, as opposed t o  drop tubes, can accommodate l a r g e  exper imenta l  
d rop  packages c o n s i s t i n g  of  sample p rocess ing  and d a t a  a c q u i s i t i o n  equipment. 
C o n s t r u c t i o n  of these f a c l l l t l e s  began i n  t h e  l a t e  1950's  and e a r l y  1960's  
when research programs were geared towards t h e  s tudy of p r o p e l l a n t  s losh ing ,  
s e t t l i n g ,  and d r a i n i n g  ( r e f .  5 ) .  
v a r y i n g  c a p a b i l i t y  a v a i l a b l e  f o r  l o w - g r a v i t y  exper imen ta t i on  (see t a b l e  I f o r  
user  c o n t a c t s ) .  

A t  p resen t  t h e r e  a r e  t h r e e  drop towers o f  

The two drop f a c i l i t i e s  a t  NASA Lewis have been w i d e l y  used f o r  combus- 
t i o n  and f l u i d  physics s t u d i e s .  The 30 m d rop  tower o f f e r s  2.2 sec of f r e e  
f a l l  behind a drag s h i e l d  i n  a i r ;  t h e  145 m d rop  tower o f f e r s  5.2 sec of f r e e  
f a l l  i n  vacuum, w i t h  r e s l d u a l  gas d rag  approx ima te l y  g. Both f a c i l i -  
t i e s  can accommodate l a r g e  packages, up t o  70 and 450 kg r e s p e c t i v e l y .  Typ i -  
c a l  packages inc lude  h i g h  speed cameras, a c t u a t i n g  systems, onboard power 
(28 v ) ,  and up t o  1 8  channels of d a t a  t ransmiss ion .  Thus m a t e r i a l s  can be 
examined o r  a f f e c t e d  (by r a d i a t i o n  f o r  example), d u r i n g  t h e  drop. Technology 
has been developed f o r  a p p l y i n g  a ve ry  g e n t l e  c o n t r o l l e d  a c c e l e r a t i o n  d u r i n g  
drop t o  s imulate t h e  behavior  o f  s p a c e c r a f t .  Evacuat ing t h e  145 m long, 9 m 
diameter tower l i m i t s  t h e  drops t o  one o r  two pe r  day ( t h e  30 m tower can p ro -  
v i d e  as many as t e n  drops pe r  day). 

A 100 m drop tower,  l o c a t e d  a t  Marsha l l  Space F l i g h t  Center, i s  c u r r e n t l y  
used e x t e n s t v e l y  f o r  ground based research i n  m i c r o g r a v i t y  science. The 
f a c i l i t y  permi ts  exper imen ta t i on  f o r  a p e r i o d  o f  m i c r o g r a v i t y  up t o  4.27 sec 
and i s  capable o f  accommodating exper imenta l  packages as l a r g e  as 0.76 m3 
and weighing up t o  204 kg. The c o n f i g u r a t i o n  i n c l u d e s  a drag s h i e l d  equipped 
w i t h  b a t t e r y ,  e l e c t r i c a l  d i s t r i b u t i o n ,  and t e l e m e t r y  system t o  meet experimen- 
t a l  requirements.  An a u x i l i a r y  t h r u s t  i s  p rov ided  t o  overcome aerodynamic 
drag d u r i n g  t h e  f r e e  f a l l  p e r i o d  ( r e f .  6 ) .  

Cur ren t  m a t e r i a l s  sc ience i n t e r e s t s  i n  t h e  d rop  f a c i l i t l e s  i n c l u d e  t h e  
study o f  phase separa t i on  d u r i n g  p o l y m e r i z a t i o n ,  undercoo l i ng  o f  meta ls ,  p o s i -  
t i o n i n g  o f  l i q u l d s  f o r  f l o a t  zone s o l i d i f i c a t i o n ,  containment o f  l i q u i d s  f o r  
t h e r m o c a p i l l a r y  f l o w  exper iments,  and weld poo l  behav io r .  Experiments a t  MSFC 
have shown t h a t  t h e  c o n t a i n e r l e s s  f e a t u r e  o f  d rop  tube  p rocess ing  1 s  more 
impor tan t  t han  the freedom f rom a c c e l e r a t i o n  i n  a t t a i n i n g  undercoo l i ng  
( r e f .  4) .  

A I R C R A F T  AND SOUNDING ROCKETS 

A i r c r a f t  

NASA uses th ree  a i r c r a f t  f o r  m i c r o g r a v i t y  research  (see t a b l e  I f o r  user  
c o n t a c t s ) :  t h e  KC135 and F-104 b o t h  s t a t i o n e d  a t  MSFC, and a Model 25 L e a r j e t  
s t a t i o n e d  a t  NASA Lewis. The KC-135 cargo j e t  has t h e  l a r g e s t  c a r r y i n g  capac- 
i t y  w i t h  a 3 by 16.4 by 1.8 m bay s i z e .  
f l o a t s  per  f l i g h t  w i t h  f r e e  f l o a t  t i m e  r a n g i n g  f rom 5 t o  15 sec. The L e a r j e t  
can p r o v i d e  up t o  s i x ,  20 sec, low g r a v i t y  p a r a b o l i c  f l i g h t  paths pe r  day f o r  
smal l  and medium s i z e  a t tached  packages o n l y .  The i n v e s t i g a t o r  may accompany 
and opera te  experiments on t h e  KC-135 and t h e  L e a r j e t .  
ve ry  smal l ,  e.g. 15 kg, packages can be c a r r i e d  i n  t h e  F-104, b u t  low 

The KC-135 i s  capable o f  up t o  40 

Only f u l l y  automated 
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a c c e l e r a t i o n  t i m e  can l a s t  up t o  60 sec; one p a r a b o l i c  f l i g h t  p a t h  pe r  f l i g h t  
i s  a v a i l a b l e .  

A t y p i c a l  l o w - g r a v i t y  f l i g h t  p r o f i l e  f o l l o w s  a p a r a b o l i c  t r a j e c t o r y  con- 
s i s t i n g  of a s l i g h t  d i v e  r e q u i r i n g  a 2 t o  3 g p u l l u p  f o l l o w e d  by t h e  ascent.  
When t h e  a i r c r a f t  reaches about a 50" ascent  angle,  a pushover maneuver i s  
performed a t  which t i m e  t h e  low g r a v i t y  c o n d i t i o n s  b e g i n  ( t y p i c a l l y  10-1 t o  
10-3 g a r e  t h e  b e s t  l o w - g r a v i t y  cond i t i ons  o b t a i n a b l e ) .  

Sounding Rockets 

O r i g i n a l l y  used t o  develop and t e s t  exper imenta l  equipment, b e f o r e  t h e  
t i m e  o f  manned space f l i g h t ,  today the  use of sounding r o c k e t s  f o r  micrograv-  
i t y  m a t e r i a l s  sc ience p rocess ing  f i l l s  t h e  gap between research performed on 
a i r c r a f t  (maximum 60 sec o f  l ow-g rav i t y )  and research  performed on t h e  Space 
S h u t t l e  (days of l o w - g r a v i t y ) .  A f a m i l y  of s u b o r b i t a l  sounding rocke ts  capa- 
b l e  o f  up t o  275 k g  payload p r o v i d e  t y p i c a l l y  4 t o  7 min o f  a c c e l e r a t i o n s  
remain ing below g ( r e f .  7 ) .  These c o n d i t i o n s  e x i s t  d u r i n g  t h e  unpow- 
ered coas t  phase a f t e r  launch and be fo re  r e - e n t r y  i n t o  t h e  atmosphere ( see  
t a b l e  I f o r  user  c o n t a c t ) .  

ADDITIONAL FACILITIES 

The f a c i l i t i e s  desc r ibed  above p r o v i d e  an a c t u a l  m i c r o g r a v i t y  environment 
f o r  a l i m i t e d  amount o f  t i m e .  But, as w i l l  be exp la ined ,  i t  i s  n o t  necessary 
t o  be i n  a m i c r o g r a v i t y  environment i n  o rde r  t o  s tudy t h e  e f f e c t s  m i c r o g r a v i t y  
has on m a t e r i a l  process ing.  For example, convec t i on  f r e e  s o l i d i f i c a t i o n  may 
be s t u d i e d  i n  o r b i t  o r  i n  1 g environment. Emulat lng m i c r o g r a v i t y  convec t i on  
i n  conduc t i ve  m e l t s  can be accomplished by t h e  i m p o s i t i o n  o f  a steady magnetic 
f i e l d  t o  dampen f l u i d  f l o w .  Bouyancy d r i v e n  convec t i on  i n  b i n a r y  l j q u i d  s y s -  
tems can be reduced by choosing l i q u i d s  o f  n e a r l y  equal  d e n s i t y .  

The M i c r o g r a v i t y  M a t e r i a l s  Science Laboratory  e s t a b l i s h e d  a t  NASA Lewis 
i s  a v a i l a b l e  t o  s c i e n t i s t s  and engineers from i n d u s t r y ,  u n i v e r s i t y ,  and gov- 
ernment agencies na t i onw ide .  The l a b o r a t o r y  i s  equipped w i t h  p ieces o f  exper- 
i m e n t a l  hardware which ( 1 )  a r e  f u n c t i o n a l  d u p l i c a t e s  o f  those f l o w n  on t h e  
Space S h u t t l e  o r  be ing  developed f o r  use on f u t u r e  Shut t le /Space S t a t i o n  m i s -  
s ions;  ( 2 )  p r o v i d e  a temporary l ow-g rav i t y  environment; ( 3 )  emulate c o n d i t i o n s  
o f  t h e  l o w - g r a v i t y  environment; ( 4 )  o r  p r o v i d e  1 g t e s t i n g  and research  capa- 
b i l i t i e s  f o r  deve lop ing  and/or expanding m i c r o g r a v i t y  exper imenta l  ideas.  The 
l a b o r a t o r y  a l s o  p rov ides  a p l a c e  where t h e  process i n  q u e s t i o n  can be s t u d i e d  
i n  d e t a i l  and mathematical  model ing employed t o  remove o r  enhance t h e  e f f e c t  
o f  g r a v i t y  . 

C u r r e n t l y  under c o n s t r u c t i o n  a t  t h e  MMSL i s  a h i g h  temperature D i rec -  
t i o n a l  S o l i d i f i c a t i o n  Furnace designed t o  p e r f o r m  exper iments on meta l  sam- 
p l e s .  The sample i s  sealed i n  an ampoule ( t y p i c a l l y  q u a r t z )  and t h e  furnace 
c o i l / c o o l i n g  assembly i s  moved along t h e  l e n g t h  o f  t h e  sample ampoule. The 
unique f e a t u r e  of t h i s  p a r t i c u l a r  system i s  t h a t  t h e  sample i s  exposed t o  a 
l a r g e  magnet ic f i e l d  which i s  used t o  reduce convec t i on  as d iscussed above. 
Other MMSL equipment i n c l u d e  e lect romagnet ic  and a c o u s t i c  l e v i t a t i o n  systems, 
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v a r i o u s  res i s tance  and i n d u c t i o n  m e l t i n g  systems and m a t e r i a l s  c h a r a c t e r i z a -  
t i o n  suppor t  hardware. 

The J e t  Propuls ion Laboratory  hos ts  a v a r i e t y  of un ique m a t e r i a l s  
process ing/handl ing equipment. 
t a t o r s  p e r m i t  f i n e  p a r t i c l e s  o r  l i q u i d  d r o p l e t s  t o  be p o s i t i o n e d  and t r a n s p o r -  
t e d  i n  t h e  v e r t i c a l  and h o r i z o n t a l  d i r e c t i o n s  r e s p e c t i v e l y .  The l e v i t a t o r s  
ope ra te  i n  a h igh ac v o l t a g e  mode which produces t h e  e l e c t r o s t a t i c  f o rces  
necessary t o  center t h e  sub -m i l l ime te r  samples w i t h i n  t h e  4 p o l e  f i e l d s .  The 
e l e c t r o s t a t i c - a c o u s t i c  h y b r i d  l e v i t a t o r  a l s o  l o c a t e d  a t  JPL i s  a genera l  pu r -  
pose, room-temperature system by which drop o s c i l l a t i o n ,  r o t a t i o n ,  and f i s s i o n  
can be induced a c o u s t i c a l l y  w h i l e  a drop i s  be ing  l e v i t a t e d  i n  1 g. 
water  o r  aqueous drops approx ima te l y  3 t o  4 mm i n  d iameter  can be l e v i t a t e d  
w i t h  l e s s  than 3 pe rcen t  l o s s  i n  s p h e r i c i t y .  Using t h i s  system exper iments 
such as charged l i q u i d  drop dynamics o r  c r y s t a l  growth from aqueous s a l t  s o l u -  
t i o n s  can be performed. Wi th  minor m o d i f i c a t i o n s  t h e  p resen t  system can be 
adapted t o  a m i c r o g r a v i t y  environment such as t h e  KC-135 research a i r c r a f t .  
P r e s e n t l y  under exper imenta l  s tudy and development a r e  a dua l  temperature 
a c o u s t i c  l e v i t a t o r ,  a h i g h  temperature s i r e n  l e v i t a t i o n  f a c i l i t y  and a h i g h  
temperature,  single-mode l e v i t a t i o n  f a c i l i t y .  

Ground-based l a b o r a t o r y  f a c i l i t i e s  l o c a t e d  a t  MSFC suppor t  a m u l t i t u d e  o f  
m a t e r i a l  processing c a p a b i l i t i e s .  Con ta ine r less  p rocess ing  f a c i l i t i e s  i n c l u d e  
an a i r j e t  l e v i t a t o r  which uses a compressed a i r  stream t o  l e v i t a t e  m a t e r i a l  
samples. Dur ing l e v i t a t i o n  t h e  samples can be mel ted w i t h  a 700 W C02 l a s e r  
(up t o  2700 " C )  and then  a l l owed  t o  r e s o l i d i f y  w i t h o u t  t h e  p h y s i c a l  c o n t a c t  o f  
a containment vessel .  An e lec t romagne t i c  l e v i t a t o r  w i t h  e l e c t r o n  bombardment 
h e a t i n g  has been used s u c c e s s f u l l y  t o  l e v i t a t e  and m e l t  t ungs ten  and I s  cap- 
a b l e  o f  s i m i l a r  experiments i n  c o n t a i n e r l e s s  p rocess ing  o f  r e f r a c t o r y  meta ls .  
A s i n g l e  a x i s  acous t i c  l e v i t a t i o n  system i s  capable o f  l e v i t a t i n g  samples as 
l a r g e  as 3 mm having a d e n s i t y  o f  3.8 g/cm3. 
have been achieved. 

The v e r t i c a l  and h o r i z o n t a l  quadrupole l e v i -  

Charged 

Temperatures above 1000 O C  

I n  a d d i t i o n  t o  these ground based l e v i t a t i o n  f a c i l i t i e s ,  MSFC ma in ta ins  
v a r i o u s  m i c r o g r a v i t y  apparatus used aboard t h e  Space S h u t t l e  f o r  m a t e r i a l  
process ing exper lmentat ion.  Ranging f rom c r y s t a l  growth equipment t o  dev ices 
f o r  separa t i on  o f  b i o l o g i c a l  m a t e r i a l s ,  many o f  these systems may a l s o  be 
operated I n  an earth-based mode t o  develop and prepare exper iments f o r  space 
f l i g h t .  

CONCLUSIONS 

The f a c l l i t l e s  a v a i l a b l e  f o r  ground-based m i c r o g r a v i t y  research have been 
desc r ibed .  Table I con ta ins  a gu ide  i n tended  t o  h e l p  those  i n t e r e s t e d  i n d i -  
v i d u a l s  o b t a i n  a d d i t i o n a l  i n f o r m a t i o n  r e g a r d i n g  t h e  f a c i l i t i e s  and equipment 
d iscussed i n  t h i s  paper. 
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NASA Lewis 

MSFC 

NASA Lewis 

Contact  

Thomas Glasgow 

Richard  E. Black 

Dan ie l  D. Elleman 

( 21 6 )  433-501 3 

( 205) 544-1 983 

(81  8 )  354-51 82 

Michael  B. Robinson 

Kenneth R. Tay lo r  

Char les L. Youngberg 
(81  8) 354-3559 
Char les L. Youngberg 
(81  8) 354-3559 
Thomas Glasgow 
(21  6) 433-501 3 

(205) 544-7774 

(205) 544-0640 

W i l l i a m  Masica 

W i l l i a m  F. Kauk le r  

W i l l i a m  Masica 

( 21 6 )  433-2864 

(205) 544-7782 

( 21 6 )  433-2864 

Peter  C u r r e r i  
(205) 544-7763 
Rober t  E. Shurney 
(205) 544-21 89 
W i l l i a m  Masica 

Kenneth R. Tay lo r  
(21  6 )  433-2864 

(205) 544-0640 

Anthony F. Rata jczak 
(21 6 )  433-2921 



1. Report No. 

NASA TM-88964 
4. Title and Subtitle 

2. Government Accession No. 

Research Opportunities in Microgravity Science and 
Applications During Shuttle Hiatus 

3. Recipient's Catalog No. 

5. Report Date 

674-27-05 

1. Security Classif. (of this report) 

Unclassified 

7. Author(@ 8. Performing Organization Report No. 

20. Security Classif. (of this 
Unc 1 ass 

Bruce N. Rosenthal, Thomas K .  Glasgow, 
Richard E. Black, and Daniel 0. Elleman 

'age) 21. No. of pages 
fled 

E-3420 

22. Price' 

9. Performing Organization Name and Address 
11. Contract or Grant No. National Aeronautics and Space Administration 

Lewis Research Center 
Cleveland, Ohio 44135 13. Type Of Report and Period Covered 

Technical Memorandum 2. Sponsoring Agency Name and Address 

National Aeronautics and Space Administration 
Washington, D.C. 20546 

14. Sponsoring Agency Code i---- 
5. Supplementary Notes 

Prepared for the 32nd International SAMPE Symposium and Exhibition, Anaheim, 
California, April 6-9, 1987. Bruce N. Rosenthal and Thomas K .  Glasgow, NASA 
Lewis Research Center; Rjchard E. Black, NASA George C. Marshall Space Flight 
Center, Marshall Space Flight Center, Alabama 35812; Daniel D. Elleman, Jet 
Propulsion Laboratory, Pasadena, California 91109. 

The opportunity to conduct microgravity and related research still exists, even 
wlth the temporary delay in the U.S. Space Shuttle program. Several ground- 
based facilities are available and use o f  these facilities is highly recommended 
for the preparation of near and far term Shuttle or Space Station experiments. 
Drop tubes, drop towers, aircraft, sounding rockets and a wide variety of other 
ground-based equipment can be used to simulate microgravity. This paper concen- 
trates on the materials processing capabilities available at NASA Lewis Research 
Center (NASA Lewis), Marshall Space Flight Center (MSFC), and the California 
Institute o f  Technology Jet Propulsion Laboratory (JPL). Also included Is infor- 
mation on gaining access to these facilities. 

6. Abstract 

18. Distribution Statement 

Unclassified - unlimited 
STAR Category I38 

zq 

1 I I 

'For sale by the National Technical Information Service, Springfield, Virginia 22161 


